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"TECHNIQUE FOR IMPROVING THE BLIND 
CONVERGENCE OF A TWO-FILTER ADAPTIVE 
EQUALIZER" 



A blind equalization cost function called the "constrained Hilbert cost function" 
(CHCF) provides for reliable blind convergence of a two-filter equalizer structure In 
particular, the CHCF cost function is designed in such a way that the two filters are 
constrained to be a Hilbert pair. Advantageously, this technique can be used with any 
blind equalization algorithms, such as RCA, CMA, and MMA. 
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i » ( 13 ) 



Ipil^tCMA^t^-fe^ » ilb fct ««, m it 4f W i& *£. 
»lfftI$ttftCMA^Ht«i| - 

tCMA^t^f ^*t^HR^ffl ' $r $C ^ -fb J*. ty„ 
«. Jt 'J Wb - it £ H 9 »a @ % at m o ik C M A %L & m- u T it i&. 

a it *. *Mb = 

CF=E[(|Y n | L -R L ) 2 ] > (29) 
£-*L#— JL&it - #^-i^L't^I^L'ff^^ 1 L = 2 - f ,t(29) 
it ffi. & *t % - * JE. 4l — ?k 7t it YJL S it ' # *9 *f ^ — HI 

% — &.7c*h |i:tf Ib^tt * it %tY a ^frfc&,hit ° 

& m 2 Fit if; m & &m ^ it b - to n & t% # ^ & * c n 
^d n ^mm i& & it m, ■ 

V c (CF) = 2LxE[(|Y n | L -R L )|Y n | L - 2 y n rj > >X it (30a) 
V d (CF) = 2LxE[(|Y n | L -R L )|Y n | L - 2 y n r n ] . (30b) 

5£ & - £ ^ ^ 4b « it ' R L iL m % ■■ 



R = 



|A n l-a-1 _ E[|A n r L | 



(3 1) 



E[iA B r*s]"E[|A.r] 

t ^ #] 7F it ffl ^ # §fc a n ^ b n ft if -f,i to m *l — ^ $L 

c„ +1 =c n -a(y 2 +y 2 -R 2 )y n r n > « it (32a) 



d n +1 = d n -a(y; + y 2 -R 2 )y n r n ° 



(32b) 



H 4 i?L Q£) i£ xX^a^FSLE^ft > *j- *f -to sli i% -£ C „ 

> &(29)K&ikiti&&$tftj£^^ : 



V c (CF) — 2L x E[(|Y n | L — R L )|Y n j L 2 Y* RJ - 



(33) 
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A7 
B7 



£- > fetyi&W ( 14 ) 

L = 2 > m *& 4* s f> 5% -£ 4l 4* sJi £ *f ^ Jb : 
C n ., =C n -a(|Y n | ; -R 2 )Y n * R n > (34) 

^@5ULH^^Bg-®^j)t^FSLEM# ' # 1* W & m i*J # 
^■^.(29)^4t««<fi.^*t^ A ' *» & ^ ^(30a)^(30b)# 
ifc # 4a to - *J- L = 2 > tlAHI.IflltA^ : - 



c,,„ + i = c .,n (y; +y„ 2 -R 2 )y n r n » 



(35a) 
(35b) 
(35c) 
(3 5d) 



d,, n+1 =d,, n +a(y; +y n 2 -R 2 )y n r n » 
c 2 , n+ , = c 2 n - a (y 2 + y 2 - R 2 )y n T n » « ^ 
d 2. n+ i = d 2 , n - a (y 2 + y 2 - R 2 )y n r n 

CMA^i*ftft^*a{J|t&-r«Jl8 - ^ f RCA » £ ^ 

*t*Lj^^«t^.^*f - — * ^ ^. jtb # * ^ m £l m m ' & w 

% £. $ -f- 4s i± S£ 4b b# ^ i£ if *p ^ 4b 4l ft R • CMAt 
RCA^^A tMMA ^ 44 #. > % f\> , tCMA| m ^ 

4b n a * # - #f iff r # j o m * » - jl #j it £ * a 
A 4l 4*. ' fc7 & jl — & *$r & #, m m it ^ # t9r ' & it 
n it a 4t >& m jl # • it ^ « ^ >fb it «. * ^ ^ - # -T- > 

i^tlJH flf inf^CMA^f ffl.o is. -t- £p it ' &-k»^m 

^ m.m mm n- M m > t * n ^ it ml ± 

Z-M ^ tih & XL & S ® ¥} ' & i& *» ^ * # it # -f- *j] ° ^ 
* ^ ifc ' ik ife # $ * -fr if it & # ffl ' I'JCMA 
J*. £ 4ft. # 4l >3r o 
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jl * ^matm ( i5 ) 



tMMAM4 >"& # 4$. 4± * *B ,81 it £. *h ffl # f f ftl # A 
^ y n A y n ^ -Ifc * it ° f ffljM6 - 6 4^256 CAP $. 
4l 3r ^ -ft 3£ # la # ^ ^ ' m *h SI & ,£ & ° ffl l o ft m — 

6 4 » fe ° t% & &&m&m->xT >b it = 

CF=E[(y n L -R L (Y n ))^ + (y n L -R I -(Y n ))^ , (3 6) 

^tL^oL^tc^ R(Y n ) ^ ^HbEtAY^I-t^ 

^ ^ ^ # M * R(Y n )= R(Y n ) = R= ^Jst '> ® tb 3. (3 6)^ff 

-fii. t^; #C ^ ^ : 

CF = CF I+ CF Q ^E[(y n L -R L ) 2 +(y n L -R L ) 2 ] > (37) 

j£ (29) -ft 4t -iL CMA flT 4ft S $k ^ m ' * * £l * — tg 
-ft 4ft & $k ° *h A — -fin #5 -z. 4l - ;k. 7t m ik & $k C F l &. C F 9 ^ 
» ^.^*Sifc*^.*«t^^-'flSl&(iri|t)4L«E MMA ^ # & m 0 

>k in 2 #f ^ « ^ *a it n ^ & t . ' # m m & * c n d n . 

V c (CF)-2LxE[(|y n | L -R L )|y n | L - 2 y n rJ / « (3 8a) 

V d (CF) = 2LxE[(|y n | L -R L )|y n | L - 2 y n rJ (38b) 



R 



2L 



(39) 



&&&&&& ■ 
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JL * ( , 6 ) 



c n + , =c n -a(y; -R 2 )y n r n » « & (40a) 
d n + , =d n -a(y n 2 -R 2 )y n r n - (40b) 



# 
it 
H 

ii 

JL tb , ■ ^ 

K = [(|y n | L -R L )|yJ L - 2 yJ + j[(|y n | L -R L )|y n ryJ • (42) j 

iK *t ^ - & ^ 4t it it > R L ffi & : jf 



V c (CF) = 2LxE[K" RJ > (4 1) 



E[kMb n | L ] 



(43) 



# fife a„ b n 4l j& if hl *a ig 4l - jfe #t 3t » # £Ht j% i£ 

(39) - #L = 2 » ««.*b«^j*C a 4i4*« jg.*f = 
C n+I = C n -aK*R n > (44) 

£-* = 

K = (y 2 -R 2 )y + j[(y 2 -R 2 )y ° ' (45) 

& M 5 i& m iZ w i® i£ B F SLE %L & ' # ik w i® 4k m 6 * 

l=2 > m & m ml it 2k ffi- M, ■ 

Ci, n+1 =c,, n -a(y 2 -R 2 )y n r n » (46a) 
d ., n+ , =d 1>n +a(y 2 -R 2 )y n r n * (46b) 
c 2,„ + , = c 2 , n - a(y 2 - R 2 )y n % i VA 3k. (46c) 
d 2,n + . =d 2>n -a(y 2 -R 2 )y„ r n » (46d) 

# ^ Yfc H 1 00 » ftfflfMMAI^tffii-fgffftfi 
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t 



> «i6 > 1 6 1 7 #l m => m & m ^ & n *i & 3l &Lift *l 

4b l o o ^ a it ife - -4a #f i& » B6^|.iftffl S24^ 

- ^ ft F S L E 4l - 6 4 - C A P # H #f # 3'J ^ Jfe £fc S « II 7 it 
n. M M A ^ m. >\t £i 0fl -kk o -kw M \6 rfj tf ' tMMA & % ^ 

« ^ -ft, H ^ m JL *k }f & # m 6 4 - # Sfe t$F«lt^^64 

# m a ° ^ m it ^ # m it t & m M #: fF * %l m it - & m s& 

Bfl #J ^ « m & H t7 & J. - 6 4 ft ^ f I H - Sk Jfc 4f i^j 
LMSM# ° * «. *£ *» H 1 7 #f ?F * k 4& if ^ & ° IfJJf 

# ft # Sfc & H #. ft *M 0 " 2 B# » T^MMAI^^f 
iSL«^.WiS.^f-|fc>#-4L#ia ' ^ £ £ £ ^ # 5fe #- ' 

tMMA^^^f $44L#f|^-hft|.^^^ o ^ % _t , 

- it Jfl ~*T jfe Kfr * if - * l€j 4* « *S it %L # *7 & » 

# 7T % # &L *T tit m ^^^.tttMMA^IH^f • 
&Jktft1& ' * if * * Hf *. R * *h » 0 *^5fea n 2tb n 4L^ 

e> # ^ m m a & & # ^ ^ ^ m & & 7T % n &l ^ # - it 

#J ffl « T # I p # 3l $L M M A %l ft SL o 
£ M & & ( M M A) - # if % g #jl 

1 4 ^_ 1 5 tf. ajj o ( - i 2 8 - ft -ft Jfc ^ #il ^ d7 >-X T ^ iC ^ # ° -T ^ 
*Jffl*^Sfe^A±l " ±3 - ±5 - ± 7 - ± 9 - ± 1 I - 
1 4 4 - ft -ft ft ^ #jl » ^ ^ & $. m ra ^ 4l ft # * - ) % ^ >t ^fc 
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IL t ^ t f E t * ^ t y „ ^ y n ^ ^ v t f ^ ft * y 

CF Q =E[(y n L -R^) 2 ]^|yJ<K > i* A (47a) 
CF Q =E[(y n L -R 2 L ) 2 ]^|y n |>K - (47b) 

CF, = E[(y n L -R, L ) 2 ]5£ |y n |<K > (47c) 
CF =E[(y n L -R 2 L ) 2 ]5£|y n |>K - (47d) 

i&lt&K&Qf — G > &. & M Jfft- ^ ik & o 

128-CAP4: t jJ^MJIE. t ' ^«K = 8 » ^- 3£ (4 7) Jfl — 4® 
^ |s| iL # *t R i A R 2 ' H>ft^*128R;*^fiL^^|4L^«;a n JL 
b„*##^^^^l5]^ — i&>lfiL{±l,±3,±5,±7}>5.{±9, 

±11} » ^ % ^ x — & * * * i& if & ^ ft a Jt. ' ^ ffl 

£ *h ^ it ) - dka » &m Mi£-&tn ^Tt^fcM. > %~ m- 

128-CAPjft#&4Lf ta n o 

if £ « # * it ^ - FJL - M «t jfc £ RL 2 4 # Jfe fe 4£ 
^^Ri ° ^ ^ # $Un = 1 , 3 , 5 , 7 , 9 , 1 1 ^ b n = 1 , 3 , 5 , 7 > ® 
^-a n fa # 4. 4$ ^ 4/24= 1/6 - ft Ml J4, » it R 2 ^ & # 8 1® 

; ^ta n =l,3,5,7^b n = 9,ll » 0 A^a„t^f i^i^ 
12/8=1/4' Sitf tttf ItAI : 

f RiflFt ' E[a 2 ] = ^(l 2 + 3 2 +5 2 + 7 2 + 9 2 +ll 2 )*47.67 > « JSL (48a) 
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jl * &*A?L*n ( 19 ) 

f t > E[a 2 ] = -j-(l 2 +3 2 +5 2 + 7 2 ) = 2I . (48b) 

If 4£ ^ 15) 4L fjL - 

it ?iL RMMA ^ 3L$f %i ffi.fr 3f & (40) > (44) 

(46) 4a i^J > R£ T it t 31R4& f/f * *&-=C ^ -ft its ^ tY n & 

R , R 2 Jpt ^ o a 14Ut^«jE.X.;jtit4L^*t < a.^4Lffi^^ 
128-CAP-f£Sft;*£te.4L#ffcb ll - ^^.B313^L14^^4lH15^T 

^ * ft ffl 4a I s ] ^ # R i ^ R 2 3 

fi & a # w 

«T^^ # ft r jjf ft ft sfe B # HQ j 4l ft ^ • # #J # ft Sfc 
a n ^b n ^^^-^-l5-it±l-±3>±5-±7' • • • ' jfc j£ rti 
> mm ffl E[fa n | L ] > E[|bJ L ]^L E[|A n | L ] J. # « ^ it * - fl'J ft 
^it*^^^^-#^I^^=-#J-r^'fb^#^'|-*:R-^#W^ 

If" it 4BL «t m # St a n b n ^ 49 m «b if <Jl » a alb E[|a n | L ]= 
E[|b n | L ] - f AffcXTi^ft*7^ : 
Zk = -m(ra + l) ' 



(49a) 
(49b) 
(49c) 



2 

m 1 

^ k 2 = -m(m + l)(2m + 1) » 

k=i 6 

m i 

^k 3 =-[m(ra + l)] 2 » «JL 
m * 1 

2 k 4 = — m(m + l)(2m + l)(3m 2 + 3m - 1) • (49d) 

k=l 30 
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3FE. 55" 1 : 
( l+3+5 + 7) = ( 1 



-2(1+2+3) 



_m— i m-i 

£(2k-l) = Xk-2lk = m : 



k=l 



k=l 



(50) 



* 1 1 w m — ^ #j ffl ^ (4 9a) m m & & ^ n ft • 
n & t ^ & & ^ ^ & ^ m m fa ^ $ pi $kft ° 

#.&#*ft.fl3'flL±l,±3,±5,±7' • • • ±(2m-l)tlt 
tfea n b n 4l ^ If ffc *f ,4a > &*m#;F|3]#§fc^;£^£fcII( 
A 'h ) » #'J *r » f 4-CAP > 16-CAP - 64-CAP5.256-CAP 

n 1t ffi n fe ' m ^ J5>J - 1 , 2 , 4 ^ 8 - jfc M *fc F/f # 4l # 5* 4S. 4fc 
#■ *9 ^ • & JR. » ^ # Sfca„^# HQ & : 

1 m 

E[|a n |] = --X(2k-l) = m > (51) 



1 m 1 

E[a;] = -^(2k-l) 2 =A (4m2 _ 1) 
m * 



k=1 



E[|aJ 3 ] = - £(2k-l) 3 =m(2m 2 -l) > « 

m k=l 

E[a 4 ] = - f](2k- l) 4 = l(4m 2 - l)(12m 2 - 7) 
m k= , 15 



(52) 
(53) 
(54) 



' 48. §feA n = a n +jb rf ° # t£ # ta n &b n ^ 4a M 

it > # T *f m «. # ft «| 8# ffl 4l * tf A : * 

E[|A n | 2 ] = 2E[a 2 ] > « A (55a) 
E[|A n | 4 ] = 2E[a 4 J + 2[E|a 2 |] 2 . (55b) 

& A ( 5 5 b ) it m s£ ( 5 2 ) ^ ( 5 4 )' > H'J = 
E[|A n | 4 ] = ^(4m 2 - l)(28m 2 - 13) (56) 
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jl - ( 21 ) 



E[a^] _ 4m 2 - 1 

rca E[|a n |] " 3m ' ( ^ 7) 
D , E[a^] 12m 2 -7 „ 

K -^ = -^' yA * (58) | 

R 2 M^ = 56ml-26 o I 

— EriAj 2 ] 15 (59) * 



# ^ -ft Sfc***a ' a n ^b n ^ ^ IS] # ife^^.2k- 1 Jfr ^ fs] 

5. ^ ^ m # ?i. # at a„ ^ m, *a e j# ° it £ 

W l 5 *t it 1 2 8 ft ^ is. ^ 4fL >fr ft • £ iib ^ > mft^im ffl £ 

nil m 2 m 3 

E[|aJ ] = P,2:( 2k - 1 ) L +P 2 Z( 2k - 1 ) L +P3Z( 2k - 1 ) L +- (60) 

& * p i M ft WLm & & m. & m n m ^ & ± m< ° jL$k*$.^ 

32-CAP^128-CAPfFliL » ^(60)-^?^^^pg.^^j|ij^|S) 
^Pi J5tP 2 ° 

*£#i*(H{L*t;*.#Sfc#- > S & aft. I§ ^ ) ' i£ »T 4fc 
5£E[a 2 ] = E[b 2 ] = ^ *t B# » ■ * tUfc # 4l <f 3fc j& « *R » £ - 

C AP # it J£ 46- ifa # *t ^ ^ ?5r * - # m > f f i^^tf ^ 

^ *j > jsi 4l -ft # & m- 1 tit m ^ m ft at <& ° s a, 
' ifi.HE'-frfifc^fe.^Affl^sfett: x(2k - 1) - * t # it # a -fit 

# ?£ -f- ^ #- PR ^ .. jfc jfc ffi >ffc > M. St E[a 2 ] = 1 - *f 

# &L ' **A<fflLH'J-riij^3 l (52)3k*£ ' M * : 

E[aj[] = -±[X(2k - l)] 2 = X2(4 "f " 1} = 1 -> X 3 = -4— (6 1) 

3 4m 2 -1 V ' 

*^^,(57)-(58)^L(59)«.ffljfcA.4i.^ ' f ^^ttR-t 

vf: I'J j% ' 



K. 
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i - ( 22 ) 



E[a;] _ V4m 2 -1 
E[|a n |]" 



E[a 2 ] 5 4m 2 - 1 
E[jA n | 4 ] 1 56m 2 -26 



(62) 
(63) 
(64) 



E[|A n |-] 5 4m- -1 

n # 7T i& n > « & to ^ # $>j & ^ ^ ^ ^ ° $- & ^ 

# te iL » it € # f-iiif ' *J # ^ 4b # *t i£ ik M ■ 

m ~* oo R rca * 1.1 55 R mma « 1.342 R cma * 1.673 (65) 

RCA - CMA3LMMA|tjj$ 

* ° ^ ' si 1 9 #f ^ ?t & m * *f m ft m & tr ^ & #f ^ 

RCA - CMA^MMA^Lf ^^£«r^#tf tR - R,^R 2 
*L * m *L >h *L it Sfe # iSL ^ YJL » K 1 9 f/f 7F 4L *fc # ^ j& m # 
fta n >SLb n ^W«fe<t±l,±3,±5,±7» • • • ° it * # *t 

w ^ ^ ^. & *st * ^- ^ # # - 

m RCA5.CMAia 4£ ' tMMA^ ^ £ « K; » ^ # 
^^RCA^4 > tMMA|t"ltttfeAt^t • 49 # ^ m 
CMA^t - iMMAlfif^tll" 0A#4T*t*fc#f$ 
4lj£.3E#&*" ^ ' MMAli 3 ft-lfcteftft *a4&4fc# * 0 

jth ^ ^ C M A 7j y£ t * — M ^ ft ^ # -f- -° ^ * it ' 
MMA^Hf l^f f AM/PMt^#Ml.t#^Jf iH ' 

m ft sl 5t m t» * #i ia ^ ° 

^ ^ #J ^. » #r ifc - tRCA > CMAS.MMA^"(^ 1^] 
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JL < &*AHL*n ( 23 ) 



*r ° -fa & ^ a s»j # - $ at n ^ 4l ^ it n & n % -t. tr ^ 
at it m " & #iJk-t & & # t* — 

it # # ^ ' k £ ?t — jft & a- 35 

js. #■ # # 4& # m. # *r ^ i'J it * & *t >\k. at ° w *» ' it * 

# a — ^ ^ — jft $l H £ 4fc SL • *» £ jtb #f A3 > jtb *f 

-g- at it. it m M, r ^ # # -ft ^ & it j (chcf) » # 

& ^ ' j& ^1 ^ ^ ^ -ffM*T ^ -ft 3l # ' *rca - CMAS. 
M M A • # U£ ' ^CMAt^^^i^ § 

' ft ft 3. 3 * ' tCHCFlgt 

m it & n 3 
4t m % # m jg & tk ( c h c f ) 

n 1 1 1 2 ^ ^ # iJB m 4l «. ^ o H 1 1 i?L ^ - ^ 

^ - it -ft % jfc. a H 4 0 0 4l f «fe #4 ' *«t*t-*.flLJR*-#«?ll it 
^ Jlif ^-FSLE - -ft ft A H400 & & - t ^ A & 

* /t ( Jt 3S » )405 fc ift ft 410. « "fc *fc ft 410,4l — -«p # ffi ^ 
«f#^^^l4- ' »M£ ^ £ & A ^ II 405 # « CHCF ^ 

0 ^ % 'It ft 4 1 1 4t - ° l£ 'It ft 3 - <P ifr 4 1 2 * m 

• * IK. St # - & «fc -ft ft 4 0 4 £t 5. A 3S B 4 0 5 > grfew & 

3l U & m- at it ft ^ -ft 4£ ^ _ ^ jt. ^ ft 4 o 6 ° ItMi&W > U 
^L^HrA'ftft406-f J t^ — ^-fbn^ — ^rth^#.^?«j - ( *» 
^ 4l % ' - it -ft ft A a H ^ # S'j #r A -ft ft 4 o 6 it -g- ^ 

# A S # ^ -ft ft 404 - ) & & 2iL A *h - 1$L m *t 4fc tt *2 it ^ft «t 
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A7 

B7 

s- - &*jmM ( 24 ) 

' ® % jk T itf- itb i£ m CHCF ^ & f£ > ttiZ ^ & £o 4l 
4t ?5 # ft ffc Jfr & ift o % ft £. £ V if , ^ ^ n ^ ^ ^ a m jp. 

/Vf it * *rfom>&$-wfa&&&4± it » ^ jee it 400 f «fe ° 

H 121t«W*.#^|tej^4L^ - ^ ft ^ m o ^ ^ 5 o 0 $L & - 
+ *Jli3*ic.(jfc«l&)5(>S.Sl---£->rt»510 ° «. =£■ % 93 -feU*. 
flg. t£ A — *f33T^fife4L^#9FSLE 4 ^ & ^ -ft H 5 1 0 & ^ J. 



^S*b«#Jt^#» ' « ft # # M & # #t ^ * 4t ( 
13^*) » Jl. 3S If 5 0 5 & & £ m ^ i£ 'ft ft ' ll^li 

•i* it 4 1 o m fa ' « « ^ & m c h c f & & o ft.& — it n tit ih 

& ft 3L5 11 50 5 ° 

^ & m & ^ ^ it n m & it tits 1 1 > « ^ & - i ^ # 
*f4L^r^.*?i4«[^ m u n. it » 

& «t if ffl R C A ^ tfc — M )M Sfe If ^ # 4l *f #J -Hit & it ' 

M #tf l.iiiiitfr^t » 12f/f^t- m it afc n ^ & 

A # — #1 f at H c^d > *RCA^* j* jg.*f £4* * ^.(24a) 
i£ w 36 ^ MB 3l ^ i& Ml m M. 'h v 

& ^,(24a)^(24b)#^Pi£. » i£ — >f® jfc ,^ B *L ^ *f ^ ft 

^6^7 . ^ ^ m it <l & m. ^ «t it * m- * # * J: E r , „ ^ j»j 

* >b ' ^ ^ A ^ ^ JE ^ Ml ?k. 7t m 3- if % * 
it. & jpj m # % M — ^ : 



CF = E[e;, n+ e r 2 n ] = E[e^ n ] + E[e r 2 J 



(66) 



RC A ' it & J: ^ a ^ ^. ( 2 1 a ) ^ ( 2 1 b ) f/f tf if S ' £■ 
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-2. - &*AOL*Jl ( 25 ) 

4l it # ^ & J* 9 a # - & * » m m m — # & & n -r 4t $t zl 
it * ^- it & at it ' ^ & — 48 & it s * & ft m 



* 



1$ it ' T & it /fc it # $ & ^ At ». #<J *> ' ±i|tf j| £ 

*f ^ A ± m fa «ffc j& ^ T # M_ ' »J& ^ ?£. ft. * ^ -2L {f tf. £ *L !|5 

' fc. # ^ — it « ^ & ^ - J 

# * ' & £ & it H £ ft m M ik — iM *. 15- A - #■ # # jf 

*J- ' 4f 41: i±5 it 4t *# 4$ # ft ift. lii it ( C H C F ) o tfLm.&&W^ 
U & ' ^Tt^lJIiLtlf > 3 f£ /IJ — <El *f #7 & * « 

^ m J*. *f # at At a #. *f ** at at a- • 

ifc m. # ' >ZL ^ ^b & r j£ ^ ~& £ j o tiitiif^li 

« »-fti£e r . B jt*f-air > & it 9 t # if % 

e 0 , n = cjd n (6 7) 

«-^^4L#-^#*e o> n = 0 - * * # ^ A # » 3fc # ifc JI-J 

— at n »r >^ at i€ ii& % — ^6 # # « ® iib n. it it 

& $k fa _L - % — & ^ * e h , n ' >x ^ >^ f d # # ^ ^ ^ - ^ # 
^ 'X ' m Ife 3t ^ Hfe #L » : 

e h, n =c^c„_d^d n ' (68) 

c (^W-^COdt^cIc^dX (6 9) 

Jl^^(67)^(68)^— ' «L « J% >jr £ 55T 
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JL * feWOLW ( 26 ) 

CF=E[e 2 n+ e r 2 n +e 2 n+ e 2 ,J (7 0) 

m m a & $k *r % A & •■ 

C F - E[e r 2 n + e r 2 n + e; n + e 2 n ] (71 a) 

= E[(y n -Rsgn(y n )) 2 + (y n - Rsgn(y n )) 2 + (c^dj 2 + (c T n c a - d^dj 2 ] 

(71b) 

= E[(clr n -a n ) 2 + (dlr n -b n ) 2 + (<*!„)* + -d^dj 2 ] (71c) 
i& A # CHCF — 4®iM *S&^#4L*b«jt*f^tH21«|l| 
- ^£ ^ ^ it ^ #1 & £ jE gj *X ^ /ft 4ft # JE 

j i @ ° # ^ — & m & * *l m if ft # -ft & a a £ : 



(72) 
(73) 



V c(CF) = |^ = E[e rn r n + e 0 , n d n + e M c„] 
V d (CF) = |j* = E[e r , n r n + e 0 , n c n - e h , n dj 

n 

c„ + i = c n - ae r n r n - n 0 e 0 n d n - n h e M c„ (74) 

d„ + , = d n - ae r n r n - n 0 e on c n + ^ h e h n d n (75) 

j& ' MM ^4mi^ Ml ^S^ X M ^ a » ^ Q /* h ft ffi ^ I 5 ] 

c n+1 =c„ -a(<£r B -a n )r n -^ 0 (c^d n )d n - |i h ((£<:„ - dXK (76) 

d n+1 = d n -CL(d T a r a -b„)r n -H 0 (cld n )c n -n h (clc„ -d^d n )d n (7 7) 

JIR # 9i ft ' & ifr # t£ — 4@ it fi ^ & m ^ iz t 

& 4b & Ik W m A ir n M & 3t M & & & *# ^ 46 # -ft 



* 
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348344 A7 

B7 

-5. * fetyiHW ( 27 ) 



it & -fr W 0 # ^ sf *H j£ #J flJ #e "i" 4b ^ 

5* # # ' fl>J fe/ & ik m 4* « tif LMS & ^ jt #f ^ & ffc 

ffl » -g-^pit ' ^^.(76)^(77)^ J f @ ( c n -a(cX -a n )r n ) >SL 
( d n -a(d^r n -b n )r n ) ^ J5'J & #ff -f- i& i£ fSt & R C A 7T }£r #j m 

J6. *f * * • 

_L ' jtb *f * ^ 3. -fin # « # M ° f 'J* 



* * -fe M «t- it # it # vx it ik * it H £ * it ^ it b# n& it 1 



07 



jfc it ^ - i|f f RCA > i|#/^ 0 = 2ff A/^ h = 0.5ff o 
gj ^MMA^l jM»#M6 £Mf tiL^lt(CHCF) 

it # ik ^ R C A jst R -f 4b & -g" * b# 4& it — 4U 
4* # *f 4l # £. 0 ^3 4L^^fl«iMMAI|^^^ ' ffi 
<t 3j? ♦ # ^. - MMAf titt-t^^^^f ^(36) - alb 
AT 4JL £r #L # A ^ ^ ^ ( 3 8 a) ( 3 8 b ) ° £ j& |l #<] t£ i£ M 
MMA-& fji it #f * ^ ^.(40a)^(40b)^75V « 

MM A « 4fc A *t >f *t if A ^ — ^ & ifc H- ^ J: ^ *. * it 
«T ± ° i^RCA » i% ~i®)&-;j£B^itB&iZ — i® if. & 

• • j* ISt jL ^ MM A ^ #. VX m. m ik CH C F * » <6 # 

flt & *t T ffl ^ ^ ^. ( 6 6 ) ^9 |SJ ^ ^ ^ o ftJUi-tMMA 
f# i ^ gj e r>n e r n ' M M A 3l Of it i& & #t ^ M, ■ 

CF=E[e r 2 n + e r 2 n+ < n +eL] (78a) 
= E[(y; -R 2 ) 2 +(y n 2 -R 2 ) 2 +(cld n ) 2 + (clc„ -d^dj 2 ] 

(78b) 

= E[(cIr n r n T c n -R 2 ) 2 + (d„r n d^r n - R 2 ) 2 +(cld n ) 2 + (c T a c u - d^dj 2 ] (78c) 
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B7 

JL > ( 28 ) 

V c (CF) = E[e x , n y n r n + e on d n + e h , n c„ ] (79a) 
V d (CF) = E[e r , n y n r n + e c , n c n - e h>n d n ] (79b) 

* — m at at n m z *f ^ «t * « t ^ ^ it 4* = 

c n+1 =c n -a(cIr n ) 2 -R 2 )y n r n -n 0 (cId n )d n -n h (cIc n -dX)cI (80) 
d n+1 =d n -a(dIr n ) 2 -R 2 )y n r n -n 0 (cId n )c n +n h (cIc n -d:d n )dI (8 0) 
f I'J MMA 7> t I- 1 £ i ^ 9 e r , n e r>n R C A ^ 

m ' J: jtJE.^f a e 0 , n Ae hi »«^RCA^ ft ^ 3, *t * ° 

Jiife«i!L^4^#^^ll , J^L*3fe^^&^4f- JW s£ fit it £ & 

#4 o ^ #i 4l #• Bfl ^ jtfc, j& ^ ^ -fe, — S£ H it <t 

^^#^^#f ^ ' it & m ^ *P # - 4. 3t £ 3fr fl& T ft 

ffl — * £ ^©^it^fl^^b^SH-^^t 0 

3 *h > .f^ ^ # ^ *& & ^ « - — 4u at afc n f s l e fy & it 
» # ^ ^ u & it m m it at afc # * £ ^ £ ♦ w ( 

<H ^ Pg. ^ ) — ^^E7^^^^(DFE) o ^^^-^m^itffi^ 
#f*#3.^*4*l.£*& ' -k*$k&m&- ' *i^f if «(HDTV) 
> ft £ ft «g J^^Ttl * # *J € ( ifr it ) > it S£ m #j 4, 



it 

vi. 
* 



I 
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1. - m *f it ifL j& >\t B ^ 7T >*■ > iti'Hi^Tf : 

$| it »l± *fc i& & — & ilt it «; £ — £l & sjj if 4fc jS, $t ' « 
H. 4fc - ig ilt. it fife ; 

ft. m - tr ^ it. & & ^ m it n & m it Ml a. *& ; 

2. ft t tfr *'J la ® 35 1 ^ 3r * > *ttf f 
Jir-?£RJ% ^ - i ^ ^ ^ J I El 

is. mm o 

3. ft #L t H # #J 4& ffl 1 J I ?r . > * t m f -ft, & # ft it 
I-?U^ & - SL 5L -m. & U 2l - & ffc ^ 4l t *t « 

4. # t **■ *j i& si * i ^- * ' & * m-w ^ it m&m 

% - 2t ft. £ 6. 4- — jt^^;^^ 0 — -f-j|E^i>E,4L^#. *t 

5. ft t it 4 *J £, SI ^ l J I 4l 3r & » % *Y 

i$ ^ m & ^ it m to. # jul » 

6. ft 4dt t *fr 4- #J f£ SI 9 5 *I 4l >§r >* > *t«*^^-i^*Ji4^ 
*ftffl-*-J^* H *f * * ° 

— m 5i at at n- > * # — a? at at ^ 3t x » ^ 1 1 - n at 
at if % tv £- zl & - in m ^ & m it $k a. &. < « jsl 

ffl til as ^ at It A - #• ^ # # 4l - "g" 

% ffi. » i^) it iHL ^ #, it 46. € 5S- 0 



H 

IT 
ft 
^. 
is. 
* 
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8. *4*t**-*#JI&B#73f4L$ta ' ^tm-w^^t^m-M- 

$l & & & - it 3c jjfc J: ^ S ^ — ^ iJL 4l P£ 4& n %L 
& ° 

9. #L# * ft -# #J f& S # 7^ ^ £ ' * + «-fir^<ftSfc#:*li& 

j% — & a ^ - i ^ ^ j i a ,si - ^ & #i at 4l & 

10. #.4St t # 4 *I la S 3? 7*1 |t £ > * * ?t tf ^ -fb ^ # it 
A - & J* & ^ - j£ 3L & J: ^ a — jfe *t ifc £ # *t 
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